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Fig. 9. Comparison of displacement efficiency changes in composite core samples with changes in oil viscosity compared to in-
situ conditions during nonisothermal displacement

from desorption of surface-active components and 
rupture of oil films (Ametov, 1985).

For the composite core sample with gas permeability 
exceeding 2.000 μm2, fluid flow during nonisothermal 
displacement is associated with mobilization of large 
flow channels with relatively low flow coefficients. As 
seen in Figs. 7 and 8, temperature growth from 19°С 
to 30°С within gas permeability range in the order of 
2.150 μm2 leads to 0.058 (or 16.3 %) increase in final 
displacement efficiency (from 0.354 to 0.412), which 
is significantly lower compared to oil viscosity changes 
observed in the similar temperature range (relative 
viscosity change exceeded 95.6 %).

Increase in temperature of heat carrier and composite 
core sample does not facilitate involvement of small 
pores in the displacement process due to predominant 
fluid flow through large channels.

Temperature increase does not lead to substantial 
improvements in oil displacement efficiency.

In composite core samples with gas permeability of 
0.250 μm2, the pore space is relatively homogeneous, 
thus ensuring a uniform displacement of oil and 
improved reservoir sweep efficiency. Displacement 
efficiency increases from 0.287 to 0.684, i.e. by 138.3 %, 
which far exceeds the relative oil viscosity change 
(95.6 %).

If reference temperature is assumed equal to 23°C 
(initial reservoir temperature of 23°C), then temperature 
reduction by 4°C in a composite core sample with gas 
permeability of 0.263 μm2 leads to 44.2% decrease in 
the displacement efficiency compared with the reference 
value (Fig. 9). For the composite core sample with gas 
permeability of 2.146 μm2, displacement efficiency 
decreases by 12.4 % under similar conditions.

Temperature rise of 7°C leads to increase in the 
displacement efficiencies by 33.1% and 2 % for 
composite samples with permeability of 0.263 μm2 and 
2.146 μm2, respectively.

For adequate assessment of the impact of 
nonisothermal fluid flow in composite core samples 
with various permeabilities on displacement efficiency, 
comparative analysis of displacement efficiency with 
viscosity behavior was performed.

Integrated assessment of the extent of changes in 
viscosity and displacement efficiency enables, primarily, 
evaluation of displacement mechanism and the influence 
of rheological characteristics of oil on displacement 
process in heterogeneous environment. The analysis 
shows that oil temperature increase from 23°C (in-situ 
conditions) to 30°C results in 41.9 % decrease of oil 
viscosity, while increment in displacement efficiency 
under similar conditions is much smaller; particularly, 
2% for the composite core sample with high permeability 
(k = 2.146 μm2) and 33.1% for the composite core 
sample with low permeability (k = 0.263 μm2).

The following conclusions can be drawn from the 
present study. 

Different displacement efficiency growth trends in 
composite core samples with gas permeability above 
2.0 μm2 and below 0.5 μm2 are attributed to structural 
differences in the pore space.

Relative oil viscosity changes with temperature are 
generally consistent with changes in final nonisothermal 
displacement efficiency, however, for samples with 
different permeabilities, the rates of displacement 
efficiency changes differ significantly. On the whole, 
reduction of injected water temperature (compared 
to reference temperature) by 4°C diminishes the 
efficiency of the displacement process. Particularly, oil 
displacement efficiencies for composite core samples 
with permeability of 0.263 μm2 and 2.146 μm2 decrease 
by 44.2 % and 12.4 %, respectively. Displacement 
efficiency improves generally with increase of injected 
water temperature by 7°C (compared to reference 
temperature). Particularly, oil displacement efficiencies 
for composite core samples with permeability 0.263 μm2 
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and 2.146 μm2 increase by 33.1 % and 2 %, respectively, 
while the absolute value of oil viscosity change is 
41.9 %.

 Tentative identification of zones with simulated 
permeability along the wellbore and interference of 
processes (due to absence of natural barriers between 
high- and low permeability zones) suggest that high 
permeability reservoir intervals contribute more to 
enhancing the displacement efficiency. Moreover, 
rapid advance of temperature front to the region of low 
flow resistances at the initial stage requires accurate 
monitoring of the displacement process to prevent 
propagation of thermal front outside the target zone.
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